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Abstract: Control of liquid flow in a process plays a crucial role in process industries. PID control schemes are most widely used in process control systems represented by chemical processes because of its robustness, simplicity and its excellence in linearity performance criterion. The main objective of model-based controller is to compensate the shift in process and maintain the liquid level on its required target value. Our goal in this paper deals with the study of using a three term control namely the PID controller to find the best tuning method amongst the four tunings methods implemented here such as Ziegler Nicholas (Z-N),IMC (internal model control, TL (Tyreus Luyben),CC(Cohen –oon) for an single input single output (SISO) liquid flow control  system. Various time performance criteria’s namely IAE, ISE, ITAE has been used for comparison for high stability and reliability. Compared to the conventional PID tuning methods, the emerged results shows that good performance can be achieved with the proposed IMC method based on its high stability, minimum values of rise, settling time criterions.The simulation is completely done using MATLAB. This various tuning approach would be advantageous for the future industries those who work with PID controller. The main goal of this paper is to improve the control action of controller and provide an extensive reference source for people working in PID controllers for liquid flow  process.
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Introduction
In general, PID controller is a generic control loop feedback mechanism which is used to calculate the error values. It calculates the error values by means of measuring the difference between process variable and set point[1] . A PID controller is a simple three-term controller where Proportional, Integral and Derivative. Proportional depends upon the present error, and its offset is more. Integral depends on past error, where it can overcome the offset but it overshoots value is more. Derivative depends upon the future error but it can overcome both offset and overshoot, but it cannot be used separately [3]. The output of controller is given by -    
                               u(t)=Kp e(t)  +Ki  +Kd de/dt                                                                 (  1A) 
 Kp = Proportional gain, Ki = Integral gain, Kd = Derivative gain u(t) = Controlling signal. e(t) = error signal with respect to time .Matlab based real time control is realize in this study, to control the liquid flow of the experimentation set is more realistic.However, different systems have different behaviour, different applications have different requirements, and requirements may conflict with one another. Proportional Integral Derivative (PID) controllers are widely used in these process industries due to the fact of their simplicity, easily applicable and robustness. The PID controller offers higher flexibility to achieve desired response[7,8]. PID controller has all the necessary dynamics, fast reaction on change of the controller input (D mode), increase in control signal to lead error towards zero (I mode) and suitable action inside control error area to eliminate oscillations (P mode). In PID controller the gain and time constant of the process can change recurrently by changing the tuning parameter.The error can be minimized by tuning the controller parameters. For PID controller, there are thousands of tuning methods available and for this process model Ziegler Nicholas, Tyreus Luyben, Cohen –coon, and Model predictive control are done[12]. Initially, in the section (iii),the process model is derived from the real time running process and then in the section (iv),the above specified tuning methods formula are used for calculating Kp, Ki and Kd values which are required for controlling a process through PID control. The process values (KP, ki, KD) that are found from the calculation are simulated in the matlab.From the simulation process, various characteristics of the process like time domain specifications (peak time, rise time, peak overshoot and settling time) are found out. In section V, the error criteria for a process (ITAE,IAE, ISE, and MSE) are discussed .The transfer function of a single tank liquid flow process has been determined using process reaction curve in which the parameters such as Dead time, gain, time constant are calculated. With the help of these parameters the values of Proportional Gain, Integral time and Derivative Time has been determined. Different tuning methods such as Closed ZN, Modified ZN, and IMC-PID are performed. IMC provides a much easier framework for design of robust control system[11].The Best Controller for the process has been determined and characteristics are studied. Different forms of controllers are found almost in every area where controlling is essential. In DCS (Distributed control system), PID control plays an important role. 
Modelling of the Liquid Flow System 
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Fig.1  Diagram  for liquid flow in a single tank 

Consider the flow through a tanks connecting to two pipe (incoming & outgoing) .The resistance R for liquid flow in such a pipe or restriction is defined as the charge in the level difference (the difference of the liquid levels of the two tanks) necessary to cause a unit change in flow rate; that is,
R   =(change in level difference, m)/( change in flow rate,m3 / sec);
Since the relationship between the flow rate and level difference differs for the laminar flow and turbulent flow, we shall consider both cases in the following.Consider the liquid level system shown in figure 1. In this system the liquid spouts through the load valve in the side of the tank. If the flow through this restriction is laminar, the relationship between the steady state flow rate and steady state head at the level of restriction is given by
Q=KH                                                                                                                                                     (1B)
Where  Q= Steady-state liquid flow rate, m3/sec
             K= Coefficient of proportionality, m2/sec,
             H= Steady-state head, m
Notice this law governing laminar flow is analogous to Coulomb‟s law, which states that the current is directly proportional to the potential difference.In case of the turbulent flow, the relationship between steady state flow rate and steady state head at the level of restriction is given by 
Q =k √H                                                                                                                                                    (2)

Since, dQ=dH;                                                                                                                                    ( 3)
 =                                                                                                                                                    (4)
From the eqation  (2) we get 

 =                                                                                                                                                       (5)   
Now we introduced the analogous resistance and capacitance here,t’ representing the turbulent flow in the system

Rt=                                                                                                                                                        (6)
Rt=                                                                                                                                                        (7)
The value of the turbulent flow resistance Rt depends upon the flow rate and head. Thus we can say that, the flow rate is defined by
Q=                                                                                                                                                        (8)

Tuning  Methods 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A.  Ziegler Nichol's Method: The Ziegler Nichols tuning method is a heuristic method of tuning a PID controller. It was developed by john G.ziegler and Nathaniel B.Nichols. It is performed by setting the I[integral] and D[derivative] gains to zero. The P (proportional) gain, Kp is then increased (from zero/until it reaches the ultimate gain, Ku, at which the output of the control loop oscillates with a constant amplitude, Ku and the period of oscillation Pu are used to set the P, I, and D gains depending on the controllers used. 

                                                                          Table I:       Closed loop Z-N method tunning formula 
	Controller
	Kp
	Ti
	TD

	P type controller
	0.5KU
	-------------
	----------------

	PI type controller
	0.45KU
	PU/1.2
	----------------

	PID type controller
	0.6KU
	PU/2
	PU/8




B.  Tyreus Luyben Method: It is one of the conservative tuning methods of PID controller. It depends on the dead time of the process and if it is small it gives a good response and if it exceeds larger value then it results to a sluggish response.Ku and Pu also plays a role in their response curve. 

Table2      Closed loop Tyreus Luyben  method tunning formula 
	Controller
	Kp
	Ti
	TD

	PI
	KU/3.22
	2.2PU
	------

	PID
	KU/2.2
	2.2PU
	PU/6.3


C.  Cohen Coon (CC):The margin for stability is very low,even smallest error pushes the system into instability .the setting of P& PIcontroller are less in CC parameter  compared to the Z-N.

Table 3     Closed loop Cohen Coon  method tunning formula 
	Controller
	Kp
	Ti
	TD

	PI
	T/KTd(9/10+Td/12T)
	Td(30+3Td/T)/(9+20Td/T)
	-----------

	PID
	T/KTd(4/3+Td/4T)
	Td(32+6Td/T)/(13+8Td/T)
	2/(11/2+Td/T)



D. Internal Model Control (IMC) :Morari and his co-workers have developed an important new control system strategy that is called Internal Model Control or IMC. The Internal Model Control philosophy relies on the Internal Model Principle, which states that control can be achieved only if the control system encapsulates, either implicitly or explicitly, some representation of the process to be controlled

Table 4   Closed loop internal Modal Control  method (IMC)tunning formula 
	Controller
	Kp
	Ti
	TD

	PID
	(2T+Td)/2k(λ+Td)
	T+Td/2
	4/(11+2Td/T)


   [for the tunning purpose λ≥0.25 ,Pu=3.8 & Ku=3.13 where Ku=4h/ ,determine by the Relay tunning of a PID controller.]
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Tunning of Minimum Integral Area Criteria 
To identify the best controller, the error responses of various tuning methods are calculated and tabulated. It is also called to be the time performance criteria based on the error responses. The values to be considered for identifying are ITAE, IAE, ISE, MSE values.
A). Integral Time Absolute Error: It amplifies the effect of small errors in the presence of larger time    amplitude. It’s comparatively slower than ISE but it has lesser oscillation. 
                                                                    ITAE=                                               (14)                                                                                  
B). Integral Absolute Error: It is suitable for eliminating smaller errors.IAE allows larger deviation than ISE  i.e. smaller                                                   IAE=                                                   (15)                                                                 
 C). Integral Square Error: In integral square error, the error is integrated over time. Squaring of large errors will be much bigger so it eliminates the large errors quickly but small errors persist for long period.                                
                                                                    ISE=                                       (16)                                                    
D) .Mean Square Error: It is mostly used for defining the natural energy of a signal and it’s popularity is due to simple usage even it can be used in signal processing.
                                                                    MSE  =        	(17)
Result and Comparison 
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Fig 2.process reaction curve for determining the Ku & Pu
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Fig.3 comparison graph of different PID tunning scheme 

Table 4. PID Values of Various Tuning Methods Using various controller tuning methods and with the help of their respective formula, the tuning parameters are found and tabulated below:

	Controller
	Kp
	Ti
	TD

	Z-N method
	1.874
	1.9
	0.475

	Cohen –coon
	13.34
	2.418
	0.360

	IMC controller
	16.16
	24.5
	0.360

	Tyreus Luyben
	1.42
	8.36
	0.630



Table 5. Performance Error Criteria To find the best controller, the error reduction standards are necessary.herefore, ITAE,IAE,ISE and MSE values are shown below in a tabulation

	Tunning Method
	ITAE
	IAE
	ISE
	MSE

	Z-N method
	19.3408
	1.511
	2.2831
	29.22

	Cohen –coon
	433.026
	32.076
	38.106
	514.4349

	IMC controller
	12.656
	3.375
	25.31
	5.695

	Tyreus Luyben
	166.4
	20.8
	27.04
	216.32



Table 6. Time Domain Specifications From the simulated response representing the real time level process, their characteristics are determined and listed out in a tabulation below:

	Tunning methods
	Settling Time
	Rise Time
	Peak Time
	Peak  Overshoot
	Settlng time (2%)

	Z-N method
	4.17
	6.33
	7.20
	5.63%
	43.00

	Cohen –coon
	6.00
	11.5
	14.5
	2.54%
	41.50

	IMC controller
	2.57
	3.542
	4.09
	2.578%
	11.47

	Tyreus Luyben
	3.5
	4.72
	5.250
	3.236%
	16.70



Conclusion  
In this paper we proposed comparative novel methods of various types of PID tuning for liquid flow  process and result of comparison also elucidated. A comprehensive comparative study of various types of tuning methods tested with simulation under different conditions show that better analysis. Simulation results have been given to show the performance of the method. The proposed tuning method is superlative and show good performance in apply with real time implementation. 
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